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Abstract


The future of SPINTRONICS technology lies on the development of Diluted Magnetic
Semiconductors (DMS) due to the promising theoretical predictions and experimental
observations worldwide. Variety of oxide and non-oxide DMS class of materials is
explored as base materials for applications in ‘Spintronics’. The main challenge with
these classes of materials is to stabilize the intrinsic magnetization with Curie
temperatures, well above room temperature and with high reproducibility. The overall
aim of the thesis work is to phase stabilize and characterize 3d transition metal ions doped
oxide and chalcopyrite Diluted Magnetic Semiconductors (DMS) systems. The thesis is
compiled in the following manner. An introduction to DMS and nanomaterials is given in
Chapter 1 along with models of spintronics device structures that are currently under
exploration by researchers. Chapter 2 outlines the working principles of various
instruments used for characterizing the synthesized samples. Introduction to material
properties such as ZnO, CuO and chalcopyrites are given in the respective chapters.
The details of sample preparation and characterization of bulk and nanocrystalline
Zn0.95TM0.05O (TM = Cr, Mn, Fe, Co & Ni) DMS are given in Chapter 3. The conditions
of annealing to achieve a single phase and magnetization measurements at 300 K and
77 K along with variation in band gap on doping with 3d transition ions are also
discussed. Estimated carrier concentration of bulk and nanocrystalline Zn0.95TM0.05O
(TM = Cr, Mn, Fe, Co & Ni) indicate the suitability of chemical method to have a control
over the carrier concentration.
Chapter 4 gives a critical analysis of the structural and magnetic phase of Cu-Fe-O
system. The phase segregation of cubic CuFe2O4 and its effect on the observed value of
coercivity for both nanocrystalline and bulk is studied as a function of particle size
xi
and % of Fe respectively. The formation of metastable phase at high pressures was
identified by high pressure diffraction measurements using synchrotron radiation. The
observed difference in magnetic behaviour of 1% Fe doped CuO and Cu2O is plausibly
explained based on Hund’s rule. Based on the results of Chapter 4, CuO:Fe (10%) thin
films were deposited by spray pyrolysis technique for which a home-made spray
pyrolysis unit was constructed and automated. The results obtained on structural, optical,
magnetic and electrical properties of the spray deposited thin films are presented in
Chapter 5.
Chapter 6 begins with a brief introduction to chalcopyrites and theoretical
predictions on doped chalcopyrites for room temperature ferromagnetism. Preparation of
pure and Cr doped Cu1-xZn1-xSe2-x compound is outlined. The polycrystalline samples
were characterized for its structural, optical, and magnetic properties. Thin films
deposited using these polycrystalline materials as charge by thermal evaporation
technique were also similarly characterized and were also employed as p type electrodes
in dye-sensitized solar cells.
Chapter 7 summarizes the results obtained on magnetically doped ZnO, CuO and
Cu1-xZn1-xSe2-x compounds with a possibility of the scope for future work on the oxide
and chalcopyrite DMS compounds.
Four papers related to the thesis work have already been published in refereed
International journals and three more papers are in the process of being communicated for
publication.
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